Ototoxicity of cisplatin is one of the major dose-limiting side effects. Cisplatin-dependent ototoxicity is known to be associated with reactive oxygen species. Protective effect of taxifolin, being a flavanone found in onions, milk thistle, French maritime, and Douglas fir bark, against cisplatin-associated ototoxicity will be examined in this study. There are no studies in the literature examining the protective effect of taxifolin against cisplatin-induced ototoxicity. 50 mg/kg taxifolin was orally administered to TXC group rats (n-6), and distilled water was orally administered as a solvent to CG (n-6) and HG (n-6) groups. One hour later, 5 mg/kg cisplatin was administered intraperitoneally (i.p) to TXC and CG groups. This procedure was repeated once a day for 7 days. At the end of this period, all animals were sacrificed by high-dose anesthesia (50 mg/kg thiopental sodium) and biochemical and histopathological examinations were performed on the dissected cochlear tissue. Our biochemical test results showed that oxidant parameters were significantly increased whereas antioxidant parameters were significantly decreased in the cisplatin group (CG) compared to taxifolin (TXC) and healthy (HG) groups (p < 0.0001 for both parameters). Histopathological results showed that severe cochlear vestibular membrane degeneration, dilated conjunctival blood vessels, edema and destruction developed in the cisplatin group. However, no pathological findings were found in the taxifolin-treated group except for mild degeneration and edema. This information suggests that taxifolin may be useful in the treatment of cisplatinassociated oxidative cochlear damage.
As it is known, cisplatin (cis-diamminedichloroplatinum II) is a widely used platinum derivative anticancer drug which is still valuable in the treatment of many cancer diseases (1) . However, the toxic effects of cisplatin on organs and tissues restrict its clinical use. Cisplatin-related ototoxicity is one of the major dose-limiting side effects (2) . In 60-80% of the patients treated with cisplatin, hearing thresholds were increased, and hearing loss was observed in 15% of the patients (2, 3) . This information indicates that cisplatin is cochleotoxic. In the literature, it has been reported that cisplatin causes damage to inner and outer hair cells in the cochlea, atrophy in the striae vascularis, collapse of the Reissner membrane and damage to the support cells in the cortis organ (4) . These toxic effects due to cisplatin are suggested to be associated with reactive oxygen species (ROS). It is known that cisplatin can produce ROS like hydroxyl radicals and inhibit antioxidant systems (5) . It has been reported that cisplatin increases the production of malondialdehyde (MDA) ñwhich is a lipid peroxidation productñ in the inner ear and suppresses glutathione (tGSH) production, which is known as an endogenous antioxidant (6) . This information indicates that cisplatin creates a toxic effect on the cochlea through oxidative stress. This suggests that antioxidants may be useful in the treatment of cisplatin-associated oxidative cochlear damage.
Taxifolin (3,3 ë, 4 ë, 5,7-pentahydroxiflavanon) examined in this study for its protective effect against cisplatin-associated ototoxicity is a fla-vanone found in onions, milk thistle, French maritime, and Douglas fir bark (7) . Previous studies have shown that taxifolin has antioxidant activity (8) . There are no studies in the literature examining the protective effect of taxifolin on cisplatin-induced oxidative cochlear damage. Therefore, the aim of our study was to analyze the effect of taxifolin on cisplatin-induced cochlear damage in rats by biochemical and histopathological methods.
EXPERIMENTAL PROCEDURE

Animals
In this study, 18 albino Wistar male rats weighing 285-297 grams that were obtained from the medical experimental application and research center of Ataturk University were used. The animals were divided into three groups before the experiment and fed at normal room temperature (22 O C). Animal experiments were performed in accordance with the National Guidelines for the Use and Care of Laboratory Animals and were approved by the local animal ethics committee of Ataturk University, Erzurum, Turkey (Ethics Committee Number: 227 Dated: 27.12.2018).
Chemicals
Cisplatin CDDP vials (50 mg/100 mL; Cisplatin-Ebewe) were obtained from Liba-Turkey, thiopental sodium was obtained from I.E. Ulagay-Turkey, and taxifolin was obtained from Evalar-Russia.
Experimental groups
Rats were divided into three groups: Healthy controls (HG), taxifolin+cisplatin (TXC), and cisplatin-treated controls (CG).
Experimental procedure
50 mg/kg taxifolin was orally administered to TXC group rats (n = 6), and distilled water was orally administered as a solvent to CG (n = 6) and HG (n = 6) groups. One hour after taxifolin and distilled water administration, 5 mg/kg cisplatin was administered intraperitoneally (i.p) to TXC and CG groups. This procedure was repeated once a day for 7 days. At the end of this period, all animals were sacrificed by high-dose anesthesia (50 mg/kg thiopental sodium) and their inner ears were removed. Biochemical and histopathological examinations were performed on the dissected cochlear tissue. The results obtained from the taxifolin group were compared with the results obtained from cisplatin and healthy groups and evaluated.
Biochemical analyses
Prior to dissection, all tissues were rinsed with phosphate-buffered saline solution. The tissues were homogenized in ice-cold phosphate buffers (50 mM, pH 7,4) that were appropriate for the variable to be measured. The tissue homogenates were centrifuged at 5,000 rpm for 20 min at 4 O C, and the supernatants were extracted to analyze MDA, tGSH, TAS, TOS and protein concentration. All tissue results were expressed as protein per gram (/g protein). All spectrophotometric measurements were performed using a microplate reader (Bio-Tek, USA).
Malondialdehyde (MDA) analysis
MDA measurements were based on the method used by Ohkawa et al. involving spectrophotometrical measurement of absorbance of the pink-colored complex formed by thiobarbituric acid (TBA) and MDA. The tissue-homogenate sample (25 µL ) was added to a solution containing 25 µL of 80 g/L sodium dodecyl sulfate and 1 mL mixture solution (200 g/L acetic acid + 1.5 mL of 8 g/L 2-thiobarbiturate. The mixture was incubated at 95 O C for 1 h. Upon cooling, 1 mL of n-butanol:pyridine (15:1) was added. The mixture was vortexed for 1min and centrifuged for 10 min at 4000 rpm. The absorbance of the supernatant was measured at 532 nm. The standard curve was obtained by using 1,1,3,3-tetramethoxypropane (9) .
Total glutathione (tGSH) analysis
According to the method defined by Sedlak J and Sedlak J, Lindsay RH. DTNB (5,5í-dithiobis [2nitrobenzoic acid]) disulfite is chromogenic in the medium, and DTNB is reduced easily by sulfhydryl groups. The yellow color produced during the reduction is measured by spectrophotometry at 412 nm. For measurement, a cocktail solution (5.85 mL 100 mM Na-phosphate buffer, 2.8 mL 1 mM DTNB 3.75 mL 1 mM NADPH, and 80 µL 625 U/L Glutathione reductase was prepared. Before measurement, 0.1 mL meta-phosphoric acid was added to 0.1 mL tissue-homogenate and centrifuged for 2 min at 2000 rpm for deproteinization. The 0.15 mL cocktail solution was added to 50 µL of supernatant. The standard curve was obtained by using GSSG (10) .
Measurements of TOS and TAS
TOS and TAS levels of tissue homogenates were determined using a novel automated measurement method and commercially available kits (Rel Assay Diagnostics, Turkey), both developed by Erel O (11, 12) . The TAS method is based on the bleaching of characteristic color of a more stable ABTS (2,2í-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radical cation by antioxidants and, measurements is performed 660 nm. The results are expressed as nmol hydrogen peroxide (H 2 O 2 ) equivalent/L. In TOS method, the oxidants present in the sample oxidized the ferrous ion-o-dianisidine complex to ferric ion. The oxidation reaction was enhanced by glycerol molecules, which are abundantly present in the reaction medium. The ferric ion produced a colored complex with xylenol orange in an acidic medium. The color intensity, which could be measured at 530 nm spectrophotometrically, was related to the total amount of oxidant molecules present in the sample. The results are expressed as µmol Trolox equivalent/L. The percentage ratio of TOS to TAS was used as the oxidative stress index (OSI). OSI was calculated as TOS divided by 100 × TAS.
Histopathological evaluation
After routine tissue follow-up, 5 µm thick sections were obtained for histopathological evaluation. These sections were stained with Hematoxylin-Eosin (H & E), and the cochlear tissues were evaluated under light microscopy (Olympus BX 51, Japan) by a pathologist blinded to the treatment protocol. All images were obtained with a digital camera (Olympus DP 71).
Statistical analyses
The results obtained from the experiments were expressed asî mean ± standard deviationî (x ± SD). The significance of the difference between the groups was determined by one-way ANOVA. Fisherís post-hoc LSD (least significant differences) test was performed afterward. All statistical procedures were performed in ìIBM SPSS Statistics Version 20î statistical program and p < 0.05 was considered significant.
RESULTS AND DISCUSSION
Biochemical results
As shown in Figure 1A , the amount of MDA in the cochlea tissue of the animals treated with cisplatin was significantly higher compared to the healthy and taxifolin groups (p < 0.0001). The amounts of MDA in the cochlea tissue of healthy animals and animals treated with taxifolin were very close to each other and the difference was statistically insignificant (p > 0.05).
Cisplatin administration caused a decrease in the amount of tGSH in the cochlea tissue of the animals. Taxifolin prevented the decrease in tGSH due to cisplatin in the cochlear tissue of animals (p < 0.0001). The difference between the amount of tGSH in taxifolin and the healthy group was statistically insignificant (Fig. 1B) (p > 0.05).
TOS level was significantly higher in cochlear tissue of the cisplatin group compared to the taxifolin group and the healthy group (Fig. 1C) (p < 0.0001), whereas TAS level was significantly lower (p < 0.0001). The difference in TOS and TAS levels between the taxifolin and healthy group Figure 1 . Oxidant/ antioxidant levels of cochlear tissue in study groups *p < 0.0001 according to CG group was found to be statistically insignificant ( Fig. 1D ) (p > 0.05). Figure 2A shows the normal cochlea tissue of the healthy group. In the cisplatin group, severe cochlear vestibular membrane degeneration, dilated conjunctival blood vessels, edema and destruction were detected (Fig. 2B) . However, no pathological findings were found in the taxifolin-treated group except for mild degeneration and edema (Fig. 2C) . In this study, the effect of taxifolin on cisplatininduced cochlear damage in rats was examined biochemically and histopathologically. As it is known, ototoxic damage due to cisplatin occurs in all cochlear structures (outer and inner hair cells, Corti organs, and stria vascularis) (13) . Recent studies have reported that cisplatin produces an ototoxic effect on the cochlea by increasing ROS production and reducing antioxidant enzyme activity (14) . As stated in the literature, ROSs react with lipids in the cell membrane to induce lipid oxidation (LPO). LPO is the process of reactions that cause damage to organs and tissues (15) . MDA, which is formed as a result of LPO and known as the final product of LPO, is involved in exacerbating cell membrane damage (16) . In their studies, Peters et al. reported that cisplatin accelerated LPO reaction in cochlear tissue cells (17) . Furthermore, it was reported that the amount of MDA, which is the product of LPO, increased in cochlear tissue (18) .
Histopathological Results
As can be understood from our biochemical test results, significant histopathological destruction, dilated conjunctival blood vessels, edema and vestibular membrane degeneration were observed in the cochlea tissue of the cisplatin group with high MDA levels. Kilic et al. showed that cisplatin-related oxidative stress caused histopathological damage such as destruction, degeneration, edema in cochlear tissue cells and erosion in stria vascularis (19) . In the cochlea tissue of the taxifolin group, which had a significantly lower MDA amount compared to the cisplatin group, histopathological appearance was close to normal except for edema and mild degeneration. This means that taxifolin inhibited LPO reaction and suppressed oxidative stress. There are no studies in the literature on the effect of taxifolin on LPO in cochlear tissue. However, recent studies have shown that taxifolin inhibits MDA increase in blood serum and heart tissue (20, 21) . This information obtained from the literature shows that previous studies support the results of our biochemical and histopathological experiments. It is noted in the literature that there is still no specific treatment that eliminates the ototoxic effect of cisplatin. For this reason, trials are being conducted with many antioxidant drugs to prevent and treat cisplatin ototoxicity. In this study, we investigated the effect of taxifolin against cisplatin-induced oxidative cochlear damage and found that taxifolin prevented the decrease of tGSH with cisplatin and development of histopathological damage in cochlear tissue. This suggests that histopathological damage in cochlear tissue may be associated with inhibition of tGSH production. It has been proposed that tGSH and other enzymatic and non-enzymatic antioxidants protect the cochlea from oxidative damage of ROSs (18) . In addition, GSH storage is higher in cochlear outer hair cells and this may explain the role of GSH in the pathogenesis of cisplatin-induced cochlear toxicity (22) . However, some studies have reported that antioxidant drugs that reduce cisplatin toxicity may also decrease the anticancer activity of cisplatin (23, 24) . Taxifolin has been shown to have a strong anticancer effect as being a potent antioxidant molecule (25, 26) . This shows that taxifolin has an important feature in preventing cisplatin ototoxicity.
CONCLUSIONS
In our study, it was also found that taxifolin antagonized the effects of cisplatin on TOS and TAS in cochlear tissue. No studies were found in the literature investigating the effect of cisplatin on TOS and TAS levels in cochlear tissue. TOS, which we used to assess the toxic effect of cisplatin on cochlea, is used to determine the cumulative oxidative effects of various oxidants in biological systems (12) . On the other hand, TAS is used to evaluate the total antioxidant capacity of different antioxidant molecules in tissue (11) . The balance between this oxidant and antioxidant capacity determines the susceptibility of organs and tissues to oxidative stress (27) . As a result, the oxidant-antioxidant balance in the Cisplatin group changed in favor of oxidants. However, taxifolin prevented this cisplatin-induced shift in oxidant antioxidant balance in favor of oxidants in cochlear tissue. Biochemical and histopathological investigations revealed that taxifolin inhibited cisplatin-induced oxidative damage in cochlear tissue. This information suggests that taxifolin may be useful in the treatment of cisplatinassociated oxidative cochlear damage.
